The authors examine weight gains associated with smoking cessation in the Lung Health Study (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994) over a 5-year follow-up period. A cohort of 5,887 male and female smokers in the United States and Canada, aged 35-60 years, were randomized to either smoking intervention or usual care. Among participants who achieved sustained quitting for 5 years, women gained a mean of 5.2 (standard error, 5.0) kg in year 1 and a mean of 3.4 (standard error, 5.5) kg in years 1-5. Men gained a mean of 4.9 (standard error, 4.9) kg in year 1 and a mean of 2.6 (standard error, 5.8) kg in years 1-5. In regression analyses, smoking-change variables were the most potent predictors of weight change. Participants going from smoking to quit-smoking in a given year had mean weight gains of 2.95 kg/year (3.61 %) in men and 3.09 kg/year (4.69%) in women. Over 5 years, 33% of sustained quitters gained >10 kg compared with 6% of continuing smokers. Also among sustained quitters, 7.6% of men and 19.1% of women gained >20% of baseline weight; 60% of the gain occurred in year 1, although significant weight gains continued through year 5. The average gains and the high proportions of sustained and intermittent quitters who gained excessive weight suggest the need for more effective early interventions that address both smoking cessation and weight control.
after cessation, the risks associated with weight gain may negate some of the health benefits achieved in quitting (4, 5) . Even short-term weight gains can lead to changes in cardiovascular risk parameters: elevations in blood pressure and serum lipids, blood glucose, and uric acid levels (6) (7) (8) (9) . Obesity is associated with reductions in lung volumes (10, 11) . In one of the few reports on the effects of postcessation weight gain on pulmonary function and respiratory symptoms, data from the Lung Health Study have shown that weight gain following smoking cessation has a significant negative effect on lung function and affects men more than women (12) .
In data from the 1982-1984 First National Health and Nutrition Examination Survey (NHANES I), 9.8 percent of men and 13.4 percent of women who quit smoking over 10 years gained >13 kg (13) . Among men, only 2.5 percent of continuing smokers and 2.6 percent of never smokers gained >13 kg. Among women, the corresponding values were 4.9 percent in both continuing smokers and never smokers. In a comparison of weight change among smokers, nonsmokers, and exsmokers in the Third National Health and Nutrition Survey (NHANES III), 16 percent of male exsmokers and 21 percent of female exsmokers gained >15 kg in 10 years after quitting (14) . When compared with never smokers, male exsmokers had an odds ratio of 2.45 and female exsmokers had an odds ratio of 1.87 for gaining >15 kg. Swan and Carmelli (15) reported that 13 percent of men (n = 2,179) who quit smoking gained 11.4 kg or more over a 16-year follow-up. These studies represent cross-sectional reports of weight gain with both weight and smoking status self-reported during follow-up.
The Lung Health Study provides a data set for a large number of participants in a prospective study with a high rate of intervention-related smoking cessation for both men and women that validates both weight and smoking status over 5 years of follow-up (16) . The Lung Health Study provides the opportunity to evaluate the characteristics of weight gainers, the pattern of weight gain, and the influence of participant characteristics on both early (first year) and late (1-5 years) weight gain for those who sustained quitting.
MATERIALS AND METHODS
The Lung Health Study was a clinical trial designed to test the hypothesis that smoking intervention and bronchodilator therapy can prevent the progression of chronic obstructive pulmonary disease in asymptomatic smokers. Participants who demonstrated a mild impairment of pulmonary function and met the eligibility criteria were randomized into one of three groups: smoking intervention with use of an active inhaled bronchodilator (n = 1,961); smoking intervention with use of a placebo inhaler (n = 1,962); or usual care (i.e., no intervention) {n = 1,964). Informed consent procedures were approved by human subject committees of each clinical center, and consent forms were signed by each participant prior to randomization. In this report, the two smoking intervention groups are combined and referred to as the smoking intervention group. The smoking intervention participants received an intensive 12-week behavioral smoking intervention program that incorporated use of nicotine gum (17) . We collected annual measurements of pulmonary function, weight, and blood pressure; reports of respiratory symptoms; medical history; and information on the number of cigarettes smoked and the use of other tobacco products and nicotine gum. We collected expired-air carbon monoxide samples using MiniCo (Catalyst Research Corp., Owings Mills, Maryland) or Vitalograph (Vitalograph Medical Instruments, Lenexa, Kansas) carbon monoxide meters and 1-ml salivary cotinine samples for assay using radioimmunoassay procedures described by Langone et al. (18) .
Participant characteristics
After three screening visits to determine eligibility, 5,887 smokers were randomized and entered into the study. Lung Health Study participants were male (n = 3,702) and female (n = 2,185) smokers, aged 35-60 years, with evidence of early stage chronic obstructive pulmonary disease. Those eligible to be participants had to have smoked at least 10 cigarettes in 1 day in the 30 days preceding the first screening visit, and they had to have spirometric tests indicating a 1-second forced expiratory volume between 55 percent and 90 percent of predicted normal and a ratio of 1-second forced expiratory volume to forced vital capacity no greater than 0.70. Exclusionary criteria included having a body weight over 150 percent of normal and consumption of more than 25 alcoholic drinks per week. Of the 11,464 men and women who attended the second screening visit, 5,777 were excluded from the study participation. Only 77 (0.7 percent) of these were excluded for being over the weight limit, and 6 percent of screenees for the trial were excluded because of the alcohol use exclusion criteria. The remainder of the exclusions at screening visit 2 were due to pulmonary function criteria or to a history of illness as described in detail elsewhere (19) .
Data collection
Data for this report were collected at baseline screening visits and annual follow-up visits through 5 years. Smoking status was assessed in part by selfreport at annual interviews. Nonsmokers were participants who reported not smoking any tobacco products (cigarettes, cigars, pipes, and/or cigarillos) and who had salivary cotinine levels of <20 ng/ml. Nonsmoking status was validated for users of nicotine gum and smokeless tobacco if their exhaled carbon monoxide was <10 ppm. Participants who did not attend follow-up visits were conservatively classified as smokers because biochemical validation was not available.
Terminology
Measures of weight status were based on the body mass index, defined as the participant's weight (in kilograms), divided by the square of his/her height (in meters). Pack-years were defined as the average number of cigarettes/day during the time the participant smoked, divided by 20, multiplied by the number of years smoked. Sustained quitters were defined as par-ticipants not reporting smoking cigarettes, cigars, pipes, and/or cigarillos with validation by cotinine or expired carbon monoxide at each of annual visits 1-5. Continuous smokers were defined as those who were classified as smokers at each of annual visits 1-5. Intermittent smokers were defined as those participants who exhibited various patterns of smoking and quitting with validation as a nonsmoker at one or more of five annual visits.
Mean weight changes for smoking intervention and usual care groups from baseline to each annual visit for sustained quitters were displayed and compared graphically. Weight change data for smoking intervention and usual care groups were combined for the remainder of the analyses, because of small numbers of sustained quitters in the usual care group and because observed patterns within smoking categories for the two groups were similar.
Analysis
Standard descriptive methods and statistics were used to examine baseline characteristics of participants subclassified by either treatment group (smoking intervention vs. usual care) or final smoking status.
Two main statistical approaches were used to examine the relation between participant characteristics and patterns of weight changes. First, longitudinal random effects model regressions were applied, the outcome data being year-to-year changes in weight (kilograms) or percent changes in weight. For these analyses, the smoking status change at the ith annual visit (/ = 1, 2, ... Because most weight gain occurred during the first year of the trial, separate analyses were carried out for weight gain during year 1 and for weight gain between year 1 and year 5. For the year 1 analyses, since all participants were smokers when they entered the study, the only possible smoking change states as defined above were SQ(1) and SS(1). This was therefore represented in the analysis using a single indicator variable for SQ. Regressions were carried out using SAS PROC GLM and PROC MIXED (20) . Variables entered into the regressions, in addition to the smoking-change variables just described, included treatment group (coded as smoking intervention = 1, usual care = 0), age, sex (coded as 0 for males, 1 for females), year of follow-up, baseline weight (or baseline body mass index when the outcome variable was percent weight change), baseline cigarettes per day, years of education, baseline marital status (coded as 1 for married, 0 for unmarried), race (coded as 1 for nonwhite, 0 for white), and nicotine gum use at the time of the ith annual visit (coded as 1 for yes, 0 for no). Of these, the smoking status change variables QQ, SQ, QS, and SS and the gum use variable are time dependent, that is, vary from year to year. A random intercept term was assumed, unique to each participant. In table 5, the estimated effects of the smoking status change markers QQ, QS, and SQ are shown relative to the "default" status SS.
A simplified example of the type of model used here is the following: The coefficients a, are parameters to be estimated from the data. Separate analyses were done for men and women because of significant interactions of sex with smoking status. Note that the indicator variable SS(0 is not included since the four smoking status indicators are linearly dependent. The intercept coefficient a 0 is assumed to be a random effect in the PROC MIXED analyses that we used to estimate the coefficients. The terms for the interaction of sex and smoking status are represented by products such as SEX X QQ(/), SEX X QS(J'), and so on (not shown in the above model).
Participants who reported a diagnosis of lung cancer during the 5-year follow-up period were excluded from all weight change analyses (n = 92).
RESULTS
Of the 5,887 randomized Lung Health Study participants, 63 percent were male and 37 percent female. Over 96 percent of the study participants were white, and the average age was 48.5 years. At entry, males smoked an average of 33 cigarettes per day, and females smoked an average of 29 cigarettes per day. The mean weights were 82.5 (standard deviation, 13.0) kg (males) and 65.0 (standard deviation, 11.5) kg (females). The mean body mass indices at baseline were 26.3 (standard deviation, 3.7) (males) and 24.1 (standard deviation, 4.0) (females) (see table 1 ). The proportions of participants reporting alcohol use at baseline were 71 percent for males and 69 percent for females. Among the participants who used alcohol, the reported average numbers of drinks per week were 6.9 (males) and 5.0 (females). Additional demographic and baseline characteristics of the entire cohort of 5,887 Lung Health Study participants are detailed elsewhere (21) .
Attendance rates
Attendance and weight measurement rates at the first through fourth annual visits were 91 percent for men and 92 percent for women. At the fifth annual visit, 95 percent of men and 96 percent of women attended and had weight measurements.
Five-year smoking cessation results
At the end of 5 years, in the smoking intervention group, among men, the percentages of sustained, intermittent, and continuous smokers were 23 percent, 28 percent, and 49 percent, respectively. Among women in the smoking intervention group, the percentages of sustained, intermittent, and continuous smokers were 20 percent, 32 percent, and 49 percent, respectively. In the usual care group, for men, the percentages of sustained, intermittent, and continuous smokers were 5 percent, 23 percent, and 71 percent, and, for women, 5 percent, 23 percent, and 72 percent, respectively.
Sharp differences in mean weight gains between the smoking intervention and usual care groups are obvious at each annual visit and in both sexes (table 2) . By year 5, men in the smoking intervention group averaged gains of 3.90 kg, and women in this group averaged 4.75 kg. More than half of the weight gain occurred in year 1. In the usual care group, the average weight gains by year 5 were 2.60 kg in men and 2.84 kg in women, with 23 percent and 39 percent of this weight gain occurring in year 1, respectively. Women averaged larger weight gains than did men in absolute amounts (kilograms) and, even more so, in the mean percent of weight gained.
As shown in table 3, there are sharp differences in weight gains between groups defined by smoking category. Among continuing smokers, weight gains at year 5 averaged 1.26 kg (1.59 percent) in men and 1.96 kg (3.07 percent) in women. At the other extreme were sustained quitters among whom, by year 5, men averaged gains of 7.57 kg (9.39 percent) and women averaged 8.71 kg (13.54 percent). In male sustained quitters, 65 percent of the weight gain occurred in year 1 versus 60 percent for female sustained quitters. Among continuing smokers, the weight gain was more evenly spread across time; that is, the percentage of the total 5-year weight gain that occurred in year 1 was 52 percent for men and 51 percent for women.
An indication of the extremes of weight gained in 5 years is shown in table 4. In both sexes, over a third of sustained quitters gained 10 kg or more, and over 4 percent gained at least 20 kg. Notable among sustained quitters, 7.6 percent of men and 19.1 percent of women had weight gains of 20 percent or more (not shown in table 4). Excessive weight gain was less common among intermittent smokers and infrequent among continuing smokers. Figure 1 indicates a steeper slope for percent weight gain among all participants, but particularly among quitters, during year 1, followed by a slower rate of gain from year 1 to year 5. Separate analyses of the weight change data were carried out for these two time periods and are shown in tables 5 (year 1 only) and 6 (year 1 to year 5). Separate analyses were also done for men and women because of the stronger effect in women of smoking cessation on percent weight gain.
Qualitatively, the determinants of weight gain during the two time periods are similar. Clearly, the strongest determinant of weight gain in either time interval is smoking change status, with the largest gains associated with changing status from smoking to quit (SQ). Relapse to smoking (QS) is associated with weight losses averaging 1.03-1.75 kg/year. Continued quitting (QQ) was associated with weight gains of 0.3 kg/year in men and 0.5 kg/year in women.
Other factors significantly associated with weight changes included age (older participants tended to t Cl, confidence interval; SI, smoking intervention; UC, usual care; QQ, quit smoking at both year (f -1) and year r; SS, smoking at both year (f-1) and year f/QS, quit smoking at year (f-1), smoking at year r;SQ, smoking at year (f -1), quit at year t.
+. Smoking change status is a time-varying variable.
have smaller gains) and body mass index (those with higher body mass indices tended to have higher weight gain). Interestingly, in both sexes, a higher baseline body mass index had a significant negative effect on the percent weight gain during year 1. Being married and having a higher level of education had negative but not significant effects on weight in both sexes. Particularly during year 1, the number of cigarettes per day at baseline was positively correlated with weight gain. Cigarettes per day during follow-up and the use of nicotine gum were both entered into the analysis as time-dependent covariates. Cigarettes per day during follow-up had a significant negative effect on weight change in both sexes; that is, a higher level of cigarettes per day reported at a given annual visit was associated with less weight gain. The analysis indicates a similar association with reported nicotine gum use; that is, those who reported using nicotine gum at a given annual visit tended to have smaller weight gains since the previous visit than did those who did not report such use.
The effects of intervention assignment itself, after controlling for smoking status and other covariates, are also shown in tables 5 and 6. It is notable that being in the smoking intervention group in year 1 is associated with a weight gain (0.83 kg in men and 0.36 in women), while in years 1-5, the opposite effect is seen: -0.38 kg/year in men and -0.13 in women. In men these effects are statistically significant. Figure 1 indicates a steeper slope for percent weight gain from year 1 to year 5 for sustained quitters versus continuing smokers, with the slope for intermittent smokers closer to that of sustained quitters. An additional analysis confirms this impression. The year 1 to year 5 change in both weight gain (kg) and percent weight gain is higher among sustained quitters and intermittent smokers than in continuing smokers (p < 0.0001), but sustained quitters and intermittent smokers do not differ in year 1-5 changes (p > 0.45). The analysis was controlled for age, baseline body mass index, marital status, years of education, and baseline cigarettes per day. There was no significant sexsmoking status interaction (p > 0.14).
DISCUSSION
In this clinical trial population of male and female smokers who were able to achieve smoking cessation, the average 5-year weight gain of sustained quitters in the Lung Health Study was 8.7 kg for women and 7.6 kg for men. One of the major findings of this study was that, in both sexes, over one third of those who sustained smoking cessation for 5 years gained >10 kg. This proportion of quitters with major weight gains surpasses that of previous reports in the literature, which have indicated that about one in 10 smokers can expect to gain 10 kg or more after giving up cigarettes (13, 15) .
The mechanism of weight gain following smoking cessation has been well documented and is attributed to both increased caloric intake and reduced energy expenditure (22, 23) . There is general acceptance that, if smokers do not adjust their caloric intake, then, because of the metabolic mechanisms of nicotine abstinence after quitting smoking, weight gain will occur (24) . In order to reduce the postcessation weight gain among the Lung Health Study population, an educational/behavioral approach to smoking intervention included monitoring weight and nutritional counseling (17) . Despite these efforts, weight gain following smoking cessation occurred in three fourths of Lung Health Study participants and was substantial.
Although most of the mean total weight gain among sustained quitters of the Lung Health Study was gained in the first year (65 percent in men and 60 percent in women), the pattern shown in figure 1 demonstrates continuing additional gain throughout years 1-5. Women who were sustained quitters gained an average of 8.7 kg over 5 years, with 60 percent of this gain occurring during the first year of the study and 40 percent spread evenly over the remaining 4 years. Men who sustained quitting gained an average of 7.6 kg over 5 years, with 64 percent of the gain occurring in the first year and the remaining 36 percent spread over the remaining 4 years of follow-up.
Although women and men in the Lung Health Study gained approximately the same amount of absolute weight (in kilograms) at year 1 and over the 5 years of the study, women showed a greater percentage of weight gain than did men. Among sustained quitters, the average 5-year percent weight gain was 13.4 percent in women and 9.4 percent in men. Because of the number of studies that report women's concerns about postcessation weight gain (1, 5, 13), the large amount of weight gained may have greater social and behavioral consequences for women than for men. However, men may have increased health risks as a result of postcessation weight gain. In a report of the effects of weight gain on lung function among Lung Health Study participants, the differences between men and women demonstrated that men lost more lung function than did women when they gained weight after quitting smoking (12) .
The predictors of excessive weight gain were similar for males and females. Change in smoking status was the strongest determinant of weight gain during year 1 or in year 1 to year 5 for both sexes. Age (younger smokers) and body mass index (higher body mass indices) were significantly associated with weight change as was the number of cigarettes smoked per day at baseline. These data support other reports of long-term follow-up on postcessation weight gain, demonstrating that age and the number of cigarettes smoked per day predict heavier weight gain after cessation (13, 15) .
The numbers of cigarettes smoked per day during follow-up and the reported usage of nicotine gum both had significant negative associations with weight gain in both sexes, illustrating the direct effect of nicotine on weight gain.
Intervention assignment (smoking intervention vs. usual care) appeared to be a factor in weight gain for smoking intervention participants in year 1, while in years 1-5, the opposite effect was demonstrated. For men, both year 1 and year 1-5 effects on weight gain were opposite for smoking intervention versus usual care groups, and both were significant. We attribute the effect of the intervention assignment on weight gain to the fact that smoking intervention participants entered the smoking cessation program within a 2-week period after randomization. Initial quitting occurred within the first 4 months of year 1. Weight gain continued for the remaining 8 months. Usual care quitting, on the other hand, was almost uniformly distributed across 12 months for those who quit in year 1.
A major strength of the Lung Health Study is that our population represents both male and female smokers who had baseline body mass index levels that were similar to average body mass indices for the general population measured by the NHANES I within a similar age group (25) sustained quitters from the Lung Health Study, 34 percent of men were overweight at baseline and 59 percent were overweight by 5 years. For women from the Lung Health Study, 15 percent of sustained quitters were overweight at baseline, and that proportion increased to 44 percent at 5 years. These data demonstrate that Lung Health Study participants were not a population of smokers with low body weight at baseline who appeared to normalize their weight after smoking cessation.
Other strengths of the Lung Health Study were the large sample size, the high rates of follow-up at clinic visits, and the use of objective measures for determining both weight and smoking status. Classification as a nonsmoker at annual follow-up visits required both attendance at the visits and biochemical validation of smoking status. It should be noted that less stringent definition for sustained quitting might have resulted in smaller mean weight gains among sustained quitters.
The differences observed between the Lung Health Study and prior studies with regard to the prevalence of excessive weight gain may be due to several factors. First, Lung Health Study smokers were selected for the study because of their abnormal lung function. The high level of cessation and relatively low levels of relapse are indicative of their high level of motivation for quitting. There are studies that have shown that the amount of weight gained is a predictor of prolonged abstinence among quitting smokers (22, 26) . Because of awareness of their risk for future development of pulmonary disease, Lung Health Study participants may have been willing to maintain abstinence despite side effects such as weight gain.
Another difference between the Lung Health Study population and those in previous smoking cessation studies is that Lung Health Study participants tended to be heavier smokers at baseline than those in many studies (average number of cigarettes/day = 32.8) (1, 3). Previous studies have indicated that those who smoke more heavily tend to weigh more at baseline and gain more weight after quitting smoking (9, 13, 14) . However, there is not much evidence for this pattern among Lung Health Study participants. Among those who smoked 1-15 cigarettes per day, the mean body mass index was 26.2 kg/m 2 in men and 23.8 kg/m in women, while among those who smoked 36-45 cigarettes per day, mean body mass indices were 26.5 and 24.6 kg/m 2 in men and women, respectively.
Limitations of the Lung Health Study include a lack of measures of physical activity or dietary records to determine factors that may have significantly influenced the weight gain that occurred. Despite physical activity and nutritional counseling programs at the Lung Health Study clinics to address weight management issues, it appears that, among this population of heavy smokers, weight gain is a major issue and may be excessive. Interestingly, in the only clinical trial that monitored dietary intake and had biochemically validated smoking status over 5 years (Multiple Risk Factor Intervention Trial), weight gains continued after quitting smoking despite decreases in caloric intake (27) .
The health benefits of quitting smoking outweigh the effects of weight gain (1, 19) , but Lung Health Study data demonstrate that, to gain the maximum health benefits of quitting smoking, more attention needs to be paid to weight management. Contrary to previous studies, our data do not suggest that weight gained in year 1 stabilizes or is lost by year 5. Through 5 years of follow-up in the Lung Health Study for both sustained and intermittent smokers, postcessation weight was maintained and additional weight was gained. Weight management is definitely warranted in a population of smokers who attempt quitting. The question is when and how it can be most effectively introduced.
